A novel series of benzoyl hydrazones (2a-j) have been synthesized and evaluated, in vitro, for antimicrobial activity against selected bacteria and fungi. The structures of the compounds were established by IR, 1 H-NMR, 13 C-NMR (APT), electrospray ionization mass spectrometry (ESI-MS) and microanalysis (C, H, N). All of the tested compounds, except for compound 2h, displayed weak antibacterial properties against Staphylococcus epidermidis ATCC 12228 and Staphylococcus aureus ATCC 29213. Compounds 2a, 2b, 2e, 2f and 2i further exhibited marginal antifungal activity against Candida parapsilosis.
INTRODUCTION
The spread of antibiotic-resistant bacteria is one of the biggest threats to global health.
Mortality, morbidity and medical costs due to the antibiotic resistance are increasing worldwide. A growing list of infections such as tuberculosis, pneumonia, gonorrhoe, blood This article has been accepted for publication and undergone full peer review but has not been through the copyediting, typesetting, pagination and proofreading process, which may lead to differences between this version and the Version of Record. Please cite this article as: Cihan-Üstündağ G, Mataracı-Kara E, Çapan G (2019). Synthesis, Characterization, Antibacterial and Antifungal Evaluation of Novel Cyclohexanone Benzoylhydrazones. Istanbul J Pharm 10.26650/IstanbulJPharm.2019.19022. This work is licensed under a Creative Commons Attribution 4.0 International License. poisoning and foodborne diseases, are becoming harder to treat as the antimicrobial agents become less effective (WHO 2018) . Every year, around 214,000 deaths in newborns are attributable to drug-resistant pathogens, especially in low-and middle-income countries (Laxminarayan et al. 2016) . Despite a growing clinical need, the development of new antibacterial agents to deal with the threat is insufficient. Only two novel antibiotic classes have been discovered in the last 20 years (oxazolidinones and lipopeptides) both of which provide coverage against Gram-positive bacteria (Luepke et al. 2017; Tacconelli et al. 2018) The approval rate of U.S. Food and Drug Administration (FDA) for new antibiotics has fallen to dismally low levels during the past 30 years (Shlaes et al. 2013) . There is an urgent need for new antibiotics with activity against resistant microorganisms.
Hydrazide-hydrazones, aryl or H) , are well known as compounds with a wide range of antimicrobial properties (Popiolek 2017) . Several Naroylhydrazones derived from aryl-and heteroaryl hydrazides are emerging in the literature as potential antibacterial agents with wide spectra of activity against both Gram-(+) and
Gram-(-) bacteria (Vicini et al. 2002; Gürkök et al. 2009; Moldovan et al. 2011; Xavier et al. 2012; Pieckzonka et al. 2013; Qing Ge et al. 2014; Kaplancıklı et al. 2014; Morjan et al. 2014; Nastasa et al. 2015; Tatar et al. 2016; Sridhar et al. 2016 ). Some of these derivatives have also been reported to have an inhibitory effect on fungi, especially on Candida species (Vicini et al. 2002; Gürkök et al. 2009; Xavier et al. 2012; Kaplancıklı et al. 2014; Nastasa et al. 2015 Here, we report the synthesis and structural characterization of novel N-benzoylhydrazones which were obtained by the condensation of 2-hydroxy-4-methoxybenzohydrazide and appropriate cyclohexanone derivatives. These new compounds were evaluated for in vitro antibacterial and antifungal activity against a variety of pathogenic bacteria and fungi species. , 7.50; N, 9.88 . 
MATERIALS AND METHODS

Chemistry
2-hydroxy-4-methoxy-N'-(4-propylcyclohexylidene)benzohydrazide (2d)
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N'-[2-(2-cyanoethyl)cyclohexylidene]-2-hydroxy-4-methoxybenzohydrazide (2i)
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Antibacterial and Antifungal Activity Assays
The in vitro antimicrobial activity of compounds 2a-j was evaluated against four Gram (CLSI 1997; CLSI 2006 ) and compared with the standart drugs.
Serial twofold dilutions ranging from 2500 µg/mL to 1.22 µg/mL were prepared in the test medium, i.e. Mueller-Hinton broth for bacteria and RPMI-1640 medium for yeast strains. The inoculum was prepared using a 4-6 h broth culture of each bacteria type and 24 h culture of yeast strains adjusted to a turbidity equivalent to 0.5 McFarland standard, diluted in broth media to give a final concentration in the test tray of 5 × 10 5 cfu/mL for bacteria and 5 × 10 3 cfu/mL for yeast. The trays were covered and placed into plastic bags to prevent evaporation. The bacteria trays were incubated at 35 °C for 18-20 h while the yeastcontaining trays were incubated at 35 °C for 46-50 h. The MIC was defined as the lowest concentration of compound giving complete inhibition of visible growth. As a control, This article has been accepted for publication and undergone full peer review but has not been through the copyediting, typesetting, pagination and proofreading process, which may lead to differences between this version and the Version of Record. Please cite this article as: Cihan-Üstündağ G, Mataracı-Kara E, Çapan G (2019 antimicrobial effects of the solvents against the tested microorganisms were also investigated.
RESULTS AND DISCUSSION
Chemistry and Structural Characterization
The synthetic pathway for the preparation of the target hydrazones (2a-j) are illustrated in The proton spectra of compounds 2f and 2g displayed two sets of signals for some protons.
Aromatic protons of 2f and 2g absorbed as two doublets (H3 and H6) and distorted multiplets (H5). Methyl substituents on the cyclohexane ring appeared as duplicated doublets for both compounds. The OH/CONH resonance about 12 ppm and the -OCH3 resonance of compound 2g were also detected as two separate singlets. Similarly, two signal sets appeared for most of the carbon atoms in the APT spectra of compounds 2f and 2g. The multiplicity in the signals pointed to the presence of two isomers due to the restricted rotation about the N=C double bond. It is assumed that the methyl substituents at 3-or 5positions interrupt the symmetry of the molecules and give rise to the formation of E and Z isomers for compounds 2f and 2g.
ESI-MS was used to verify the molecular weights of compounds 2a, 2b, 2e, 2f and 2g.
Compounds 2a, 2b and 2e were analyzed under negative-ion ESI conditions while
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Antibacterial and Antifungal Activity
The antibacterial and antifungal activity of compounds 2a-j was evaluated in vitro against the This article has been accepted for publication and undergone full peer review but has not been through the copyediting, typesetting, pagination and proofreading process, which may lead to differences between this version and the Version of Record. Please cite this article as: Cihan-Üstündağ G, Mataracı-Kara E, Çapan G (2019 2010; Tajudeen et al. 2013; Sapra et al. 2014; Backes et al. 2014 ). This type of compounds was found to be highly active against different bacteria and fungi species.
Replacing the unsaturated aromatic ring with a saturated cyclohexane system seemed to have a negative effect on antimicrobial activity since compounds 2a-j were found to be slightly active against the tested bacteria and fungi. 
